The absorption of Thorotrast and saccharated iron oxide by the epithelium of the toad urinary bladder was studied by electron microscopy. Whether the toads were hydrated, dehydrated, or given Pitressin, no significant differences in transport of colloidal particles by epithelial cells were observed. This implies that these physiological factors had little effect on the transport of the tracer particles. Tracer particles were encountered in three types of epithelial cells which line the bladder lumen, but most frequently in the mitochondria-rich cells. Tracer materials were incorporated into the cytoplasm of epithelial cells after being adsorbed to the coating layer covering the luminal surface of the cells. In the intermediate stage (1 to 3 hours after introducing tracer) particles were present in small vesicles, tubules, and multivesicular bodies. In the later stages (up to 65 hours), the particles were more commonly seen to be densely packed within large membrane-bounded bodies which were often found near the Golgi region. These large bodies probably were formed by the fusion of small vesicles. Irrespective of the stages of absorption, no particles were found in the intercellular spaces or in the submucosa. Particles apparently did not penetrate the intercellular spaces of the epithelium beyond the level of the tight junction.
INTRODUCTION
The urinary bladder of the toad is of interest to biologists because of its ability to transport substances through its walls and because of the relative ease with which its structure can be related to its function. Water can be reabsorbed from urine in response to dehydration or administration of neurohypophyseal hormone (18, 49, 51) . From in vitro experiments, it seems that water and urea move passively across the bladder wall whereas sodium appears to be driven across actively (33) . Transport of these molecules and ions is enhanced by a mammalian neurohypophyseal hormone (6, 23, 25, 33, 34) or aldosterone administration (14) to the serosal side of the bladder wall.
Recently, several electron microscopic studies have dealt with this interesting tissue under normal, in vivo (11, 12, 46) , and experimental, in vitro (10, 42, 46) conditions. Little is known about the mechanisms involved in the movement of ions and small molecules, although Thorotrast and saccharated iron oxide, which are easily visible in the electron microscope, have been used to study the possible mechanisms for transport of such substances. In this study, attempts were made to 
MATERIALS AND METHODS
The urinary bladders of the toad Bufo marinus were used. Thorotrast or saccharated iron oxide (Profcrrin), used as supplied by the manufacturer (aqueous colloidal solutions), was the tracer employed. Animals were kept in a dry place for 2 to 5 hours before and throughout the experiments in order to dehydrate them and thereby insure the retention of tracer materials in the bladder lumen.
To study the effects of Pitressin administration on the absorption of tracer materials by the bladder epithelium, two animals were injected with Pitressin (1 unit) 5 minutes prior to Thorotrast infusion. Hydrated animals were also investigated for comparison with the dehydrated or Pitressin-injected animals. Bladder tissues were fixed at intervals of 10 minutes to 65 hours following the infusion of Thorotrast (0.2 to 0.4 cc) or saccharated iron oxide (0.4 cc) into the bladder lumen via a narrow-tipped glass pipette inserted through the cloaca (consult Table I for schedule). The tissues were fixed in situ with ice-cold 2 per cent OsO4 in s-collidine buffer (5) by simultaneously injecting it into the lumen of the bladder and applying it to the serosal surface. Portions of the ventral wall of the bladder about 1 to 2 cm from the mid-line were removed, cut into pieces, and placed in fresh fixative for 2 hours at 0°C. The specimens were dehydrated in ethanol, embedded in Epon (35) , and cut on a Porter-Blum microtome with glass knives. Stained (15) or unstained thin sections were examined in an RCA EMU 2C. All photographs were taken on Kodak Fine Grain Positive film (56) .
OBSERVATIONS
The urinary bladder of the toad consists of epithelium, submucosa, and seroa, all of which are characteristic in their components.
The bladder epithelium consists of one or two cellular layers and varies in thickness from about 5 up to 15 #. In the epithelium, four types of cells arc found: granular cells, mitochondria-rich cells, mucous cells, and basal cells (12) . Some of these features are illustrated in Fig. 4 .
Since tracer materials were incorporated only into the granular ceils, the mitochondria-rich cells, and the mucous cells, and not into the basal or migratory cells, only the first three cellular types will be discussed in this paper.
Observations after Tracer Administration
For the convenience of description, the stages which were observed are divided into early, intermediate, and late stages. Although it is difficult to ~GURE 1 Ten minutes after Thorotrast administration under dehydration. Particles of Thorotrast are embedded in the outer portion of the extraneous luminal (L) coating on the epithelial ceils of toad urinary bladder. In the coating layer are seen filamentous structures. No particles are present in the cytoplasm of the cells. X 38,000. make clear distinctions between these stages, there are differences in the number and distribution of intraluminal and intracytoplasmic particles. The tracer particles were sparse in the coating layer covering the luminal surface of the bladder epithelium. Early in the time period (10 minutes), particles were numerous in the superficial portion of the coating layer which often appeared as a coarse filamentous zone running parallel to the surface membrane, or else in irregular dense masses (Fig. 1) . This coating layer often appeared to be thicker than that of normal epithelium which is usually only about 0.5 ~ thick.
One hour following the administration of Thorotrast (Figs. 2 and 3), the majority of the tracer particles were found dispersed near the luminal surface of the cells. A rare instance of clumping is shown in Fig. 3 . The distribution and concentration of the particles in the lumen varied considerably. Some areas showed much greater concentration than others. During the first 40 minutes after tracer administration, a few vesicles in the apical cytoplasm of an occasional cell were labeled with particles. However, 1 hour after administration of colloidal solution, more cells showed a small number of vesicles or tubules containing one or more particles. Even in this early time period, muhivesicular bodies (50) containing a few particles were found in the epithelial cells. Sometimes a cloud of vesicles ( Fig. 13 ) with or without particles, resembling mulberries, was found. These structures were similar to the multivesicular bodies but lacked the outer surrounding membrane. The slow uptake of particles by the epithelial cells of the dehydrated animal did not appear to be altered by Pitressin administration. Fig. 3 illustrates portions of granular cells after Pitressin injection; no apparent difference in particle uptake is seen.
~. INTERMEDIATE STAGE OF THOROTRAST AB-SORPTION (~ TO 3 HouRs)
At the luminal surface, in the superficial portion of the coating layer, tracer particles appeared frequently to form aggregates (Figs. 4 to 6), some of which were interfused with material of moderate density (Fig. 4) . On the other hand, in the inner zone of the filamentous coating layer, a larger number of sparsely distributed particles were seen close to the surface membrane (Figs. 5 and 6).
More than half of the population of cells was labeled with particles in some way. These particles were present only in membrane-limited compartments. In one hydrated animal in which Thorotrast was administered, the number of particles within the cytoplasm was very small. Only in rare cases were a few vesicles and multivesicular bodies labeled in the granular cells, although many particles were present in membrane-bounded bodies of the mitochondria-rich cells, such as shown in particles. These bodies are also present frequently in the epithelial cells of bladders not exposed to markers. )< 6,000.
tracer particles was increased. These particlecontaining bodies usually were in the mid-region of the cells and often near the Golgi region (Figs. 7, 8, and 11). After Proferrin administration (Fig. 8) , the particle-containing bodies were generally larger than those found after Thorotrast administration (Fig. 7) . No deposits were seen within the vesicles or cisternae of the Golgi apparatus. The number of typical multivesicular bodies containing particles appeared to be decreased. In the lumen of the bladder, almost all of the particles appeared to be aggregated and to form masses of particles. A few dispersed particles were still present at the luminal surface.
Although electron microscope data are not well suited for quantitative estimations, it appeared that granular cells did not take up particles as readily as mitochondria-rich cells. For example, during the time period from 1 hour up to 65 hours after tracer administration, almost all of the mitochondria-rich cells (Figs. 4, 6, I0 to 12) were found to be labeled when they were sectioned through the appropriate area of cytoplasm. Often the granular cells in the same section were not labeled or showed a few labeled structures (Fig. 6) . In some cases, particles were much more closely aggregated at the luminal surrace of mitochondriarich cells (Fig. 10) than at the surface of the granular cells. Adjacent to the inner lamina of the luminal plasma membrane of mitochondria-rich cells in both normal and tracer-treated animals were often hairlike structures (insert, Fig. 10 ) similar to those described in some ceils of other tissues (48, 55) . Mucous cells (Fig. 16) were also labeled, the particles being located in membranelimited structures such as the large vacuoles, vesicles, and multivesicular bodies in the luminal region of the cells. Examination of serial sections revealed that the large vacuoles were found to be connected to the lumen. However, the number of particles in the cytoplasm of mucous cells was very few.
In all the stages of absorption studied in this experiment, no examples were seen of particles in vesicles along the lateral membrane of the epithelial cells, or in the submucosa (Figs. 8, 9, and 17) . Colloidal particles were never found in the tight junction area (91) (Fig. 6 ) nor were they seen between the cells below this level. However, particles were often present at the serosal surface of the mesothelial cells at all time intervals after the administration of tracer material (arrow, Fig. 18 ).
DISCUSSION
It is apparent from the data obtained in this study that the tracer substances introduced into the lumen of the toad bladder can be taken up by some of the epithelial cells lining the surface.
In the early stage of absorption, the markers are seen in the coating layer of the bladder epithelium, suggesting that this layer may have an important function as the binding site or primary barrier for certain molecules. It has been shown (12) that the substance comprising the coating layer of the normal toad bladder is morphologically filamentous (antennulae of Yamada, 57) and histochemically either a mucoprotein or a mucopolysaccharide or both. Furthermore, it was postulated that this layer can function as an ion exchange resin which can bind cations in the lumen for subsequent transport into the cell (4, 12). Filamentous extraneous (or cell) coatings have been observed on the surface of various transporting cells of other tissues (7-9, 99, 52). In these FmURE 5 Three hours after Thorotrast administration under dehydration. Clumped as well as dispersed particles are seen in the lumen (L) near the plasma membrane of granular cell. In the cytoplasm, the vesicles (V), tubules (T) (possibly smooth-surfaced endoplasnfic reticulum), and multivesicular bodies (MV) contain considerable amounts of Thorotrast particles. X ~8,000. tissues also, this filamentous structure was implicated as the binding material for the function of absorption. Bennett (2) suggested that, as a mechanism for selective absorption, the exposed surface of the cell might possess binding groups which would hold suitable particles to the external surface of the membrane. Recently, Bennett (4) proposed the term "glycocalyx" for the extracellular polysaccharide-rich coating structure common to many types of cells and discussed in detail the functional significance of this structure with respect to the mechanism of molecular absorption by the ceils.
The observed increase in the thickness of these coating layers in the early stage of absorption may be caused by enhanced secretion of mucous substance from mucous or granular cells, or from both, due presumably to stimulation by Thorotrast. It has also been described by Brandt and Pappas (8) in the form of a thickening of the filamentous coat of the plasmalemma of the amoeba, and by Kaye et al. (29) in the form of a thickening of the amorphous coat of the corneal endothelium, after exposure to thorium dioxide. In the later stage of absorption in the toad bladder, further entry of the Thorotrast particles into the cell may be prevented by the aggregation of these particles in the coating layer itself. Therefore, beside the function of adsorption, it is apparent that this layer would also have a protective function, as suggested by Rhodin et al. (47) for tracheal cells. It is possible that this coating layer, and especially the outer portion, may be constantly replaced, even under normal conditions of bladder epithelial cell activity, by newly secreted mucous substance.
In this study, the finding that vesicles and caveolae are labeled with particles 1 hour after infusion of tracer supports the notion that vesiculation at the plasma membrane, in general, provides a means of absorption, transport, or accumulation of substances by cells as suggested by Bennett (2), Palade (43) , and Hoher (27) . The presence of ingested particles in the muhivesicular bodies in the relatively early stage confirms the findings of Farquhar et al. (19, 20) and would suggest that multivesicular bodies are one of the intermediates in the development of dense bodies of complex internal structure from small, isolated vesicles. These dense bodies may grow in size at the expense of other smaller vesicles, resulting in the accumulation of a few, large, fully packed vacuoles, usually near the Golgi region. These accumulations of particles in the dense bodies confirm previous workers' results on liver (24), kidney (19, 20, 32, 52) , mesothelium (41), small intestine (13) and bladder of other species (53) . This process of formation of dense bodies appears to be similar to that of formation of lysosomes as suggested by Bennett (3), Novikoff (40) and de Duve (16) , in that pinocytosed materials may be stored in the cytoplasm as a segregated mass in which hydrolytic enzyme activity is high. To establish that these Thorotrast-containing bodies are lysosomes requires demonstration of acid hydrolase activity within them. The remaining problem is the final disposition of the tracer particles. If the tracer particles move through the epithelium into the submucosa, the process must be very slow since no tracer particles were found in the submucosa up to 65 hours. The presence of colloidal particles on the coelomic side of the bladder is interpreted as contamination due to the urine flow from the bladder lumen over the coelomic surface of the serosal cells when the bladder is opened during fixation. The presence of such particles bears no relationship to the time of colloid administration, and successive stages of absorption by the serosal cells were not found. In any case, the mechanism FIGUR~ 7 Fourteen hours after Thorotrast administration under dehydration; portion of a granular cell is shown. Aggregated particles are seen between the microvilli in the lumen (L), and round bodies (Va) packed with particles are found near the Golgi region (G). A few vesicles (V) containing particles are also seen. )< ~3,000. FIGURE 8 Fourteen hours after saccharated iron oxide administration under dehydration. General findings are similar to those of Fig. 7 , although particle-containing bodies (l/a) are larger than those seen in Fig. 7 . These bodies are close to Golgi region (G). No particles are seen in the submucosa (Sub) or intercellular spaces. A portion of a basal cell (BA) with its nucleus (N) is also shown. L and BM indicate lumen and basement membrane, respectively. >( 15,000.
involved in the transport of these colloidal materials into the epithelium of the toad bladder does not appear to be related to water or ion transport because the tracer particles used in the present study apparently are not transported into the submucosa under dehydration or Pitressin injection, which is known to enhance the transport of water through the epithelium of the toad bladder in vivo (18, 49, 51) and also of sodium in vitro (6, 23, 25, 33, 34). Kaye et al. (30) reported experimental work on the normal rabbit corneal epithelium in vitro, showing that thorium dioxide particles may not be transported into the epithelium in spite of the fact that sodium ions are rapidly and apparently actively transported through the rabbit corneal epithelium (17) .
In connection with water transport in urinary bladder epithelial cells under the influence of mammalian hypophyseal hormone, pores of about 40 A in the cell membrane, as calculated by Hays and Leaf (25) , have not been visualized in the electron microscope (42, 46) . However, apparent widening of intercellular spaces (10, 42) and cellular swelling (10, 46) Different cell types appear to handle colloidal tracers in different fashions. Colloidal particles are described as being transported, from one side of the cell to the other side, through endothelial cells of the blood vessels (1, 28, 36, 45, 54) and of the cornea (29, 30) , and through gall bladder epithelial cells (26) and hepatic cells (24). Such transport occurs in caveolae and vesicles as well as through intercellular spaces in some cases (22, 29, 30, 45) . This mechanism could be related to water or fluid transport or to the passage of protein through the cells. Nemoto's light microscope study (39) of the ingestion of India ink, corn oil, and milk by the bladder epithelial ceils in the dog showed the appearance of aggregated substances in the submucosa within 48 hours after administration. Also, vegetable oil introduced into the lumen of the rabbit urinary bladder was found to be present in the vesicular components of epithelial cytoplasm (31) . The latter study was limited to the early stage of absorption (30 minutes), which makes difficult a comparison with fat absorption through the epithelium of the intestinal villi described by Palay and Karlin (44) . Besides effecting transcellular transport of colloidal particles, some cells store the particles in the cytoplasm for an extended period of time, as described for glomerular epithelium (19) , mammalian bladder epithelium (53) , and in the present study. Note that the luminal plasma membrane of the mitochondria-rich cells generally appears to be thicker or more dense than that of other epithelial cells. At higher magnification, characteristic hairlike structures are seen immediately subjacent to the luminal plasma membrane. This latter feature is shown in the inset which represents the area of the small rectangle in the larger figure. ) 9,000. Inset, X 71,000.
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It is apparent, therefore, that the mechanisms of transport of the same or similar substances differ according to the cell type, although the mechanism of uptake into the cell may be the same. This is supported by the fact that the morphology of Thorotrast absorption (penetration) in the early stages is similar in a wide variety of cells.
Tight Junction
The fact that no tracer particles were found in or below the tight junction (zonula occludens) indicates that these areas are not a pathway for particles of this size in the toad bladder. As indicated by others (21, 29, 37, 38) , the tight junction area may well be the barrier to penetration of certain molecules. In this manner it may serve to seal off the intercellular space from the lumen. Since no separation was seen in the tight junction area after Pitressin injection or dehydration (10, 42, 46) , additional indirect support is gained for the view that the tight junction may be a barrier to penetration of the water molecules and ions from the lumen. 24. HAMPTON, J. C., An electron microscope study of FIGURE 13 One hour after Thorotrast administration under Pitressin influence. One of the vesicular components of the apical cytoplasm of granular cell is shown. A cloud of small vesicles (~00A) gives the appearance of a mulberry. Note that few particles (arrow) are seen inside this structure. X 54,000. FIGURE 14 Three hours after Thorotrast administration under dehydration. Typical multivesicular body shows many particles. Most of the tracer particles are seen in the matrix rather than the small vesicles within the multivesicular body. Near the multivesicular body, small vesicles (arrows) in the cytoplasm also contain particles. The limiting membrane of the multivesicular body shows unit membrane structure which is characteristic of this membrane. Unstained. X 58,000. I~GURE 15 Sixty-five hours after Thorotrast administration under hydration. Deeper portion of mitochondria-rich cell shows three dense bodies (inclusions). These bodies consist of membranous components at the periphery and pale homogeneous substance in the center. Segregated particles are seen inside these bodies. In the mitochondrion, several particles seen at the arrow may be artefacts (presumably displaced during sectioning). X 88,000. 
